Objectives: B-type natriuretic peptide (BNP) has been extensively studied as a biomarker in heart failure. There is clear benefit of BNP in diagnosis and risk stratification of several cardiac diseases including acute coronary syndromes. Our aim was to evaluate diagnostic role of changes in BNP levels with exercise in coronary artery disease (CAD). Methods: Fifty-one patients underwent exercise stress testing (EST) for suspected CAD and consequently underwent coronary angiography (CA) were prospectively enrolled. Patients with and without at least one significant diameter stenosis in major epicardial arteries (CA+ and CA-) versus patients with and without evidence of myocardial ischemia during exercise stress testing (EST+ and EST-) were classified into 4 groups, respectively (Group 1, CA+/EST+; group 2, CA+/EST-; group 3, CA-/EST+; and group 4, CA-/EST-). All patients underwent EST. Blood was drawn from patients for determination of BNP levels 10 minutes prior to, 10 minutes after and 4 hours after EST. Results: EST parameters other than the parameters signifying myocardial ischemia didn't differ significantly among groups (p > 0.05). Pre-exercise, post-exercise and 4h-post exercise BNP values were significantly higher in group 1 and group 2 compared to group 3 and group 4 (p < 0.05 for all comparisons between the groups for pre-exercise, post-exercise and 4h-post exercise BNP). Exercise-induced increases in BNP were higher in group 1 and group 2. Patients with significant CAD involving LAD demonstrated higher basal and exercise-induced BNP as well as BNP increases, irrespective of the EST result. Conclusions: Basal, maximal-exercise and post exercise BNP values predicted CAD, as well as CAD involving LAD irrespective of ischemic changes in EST. Our results point out potential role of BNP as an adjunct to EST in diagnosis and management of CAD.
he idea that the heart is an endocrin organ was suggested by Kisch et al. [1] in 1956 with demonstration of secretory granules in atria of pigs. These secretory granules were later demonstrated to contain atrial natriuretic peptide (ANP). Subtypes and physiology of these peptides are studied extensively and have been defined since then. There are 3 main subtypes of natriuretic peptides: ANP, which is mainly secreted in atria; B-type natriuretic peptide (BNP) (known as brain natriuretic peptide), which is mainly secreted from ventricles [2] ; Type-C natriuretic peptide which is mainly secreted from vascular endothelium, central nervous system and kidneys, and intestinal-type natriuretic peptide, secreted from gastrointestinal system mucosa [3] .
Brain natriuretic peptide is synthesized in ventricle as a pro-BNP form consisting of 108 amino acids. This propeptide is later cleaved into active form, BNP, consisting of 32 amino acids and N-terminal pro-BNP by peptidases. Especially BNP has been extensively studied as a biomarker in mainly heart failure, and demonstrated prognostic significance in several different clinical settings. While there is clear benefit of BNP in diagnosis and risk stratification of several cardiac diseases including patients with acute coronary syndromes [4] and previous myocardial infarction [5] , there is compelling evidence regarding role of this biomarker in management of transient myocardial ischemia in patients without concommitant structural heart disease [6] .
Coronary artery diease (CAD) encompasses a wide range of clinical subsets from ST segment elevation myocardial infarction (STEMI) to stable angina pectoris. Common biomarkers used for diagnosis and management of CAD with acute presentation (unstable angina pectoris, non-ST segment elevation acute coronary syndrome, ST segment elevation acute coronary syndrome) such as creatin kinase-MB (CK-MB) and troponins are released into blood stream from irreversibly damaged myocardial tissue. In contrast, BNP is mainly secreted actively from reversibly damaged myocardial tissue. As a result, BNP was beneficial in assessing physiologic consequences of ischemia and infarct rather than the extent of damaged myocardial tissue. Our aim in this study was to evaluate diagnostic role of changes in BNP levels with exercise in CAD.
METHODS

Patients
This study was conducted in Bursa Yüksek İhtisas Training and Research Hospital. The patients were selected from patients who admit to outpatient clinic with signs and symptoms warranting exercise stress testing (EST). Twenty-six patients (18 males, 8 females, mean age 54.7 ± 1.7 years) with at least 50% narrowing in at least one of the 3 major epicardial coronary arteries, and 25 patients (15 males, 10 females; mean age 52.5 ± 1.8 years) with no narrowing or diameter stenosis < 50% in any of the major epicardial arteries were enrolled in this clinical study. Patients with severe valvular disease, New York Heart Association (NYHA) class III-IV heart failure, myocardial infarction in the last 2 weeks, with hepatic and/or renal dysfunction and patients with significant systemic disease other than diabetes mellitus (DM) were excluded from this study.
Study patients underwent detailed assessment for cardiovascular risk factors. Detailed past medical history, physical examination and laboratory parameters were evaluated for this purpose. Electrocardiography (ECG), chest X-ray, fasting plasma glucose, total cholesterol, LDL cholesterol, HDL cholesterol levels; hemoglobin, hematocrit, white blood cell counts were assessed.
All patients underwent standard transthoracic echocardiographic examination before EST. All patients underwent EST with standart Bruce protocol. Blood was drawn from patients for determination of BNP levels 10 minutes prior to, 10 minutes after and 4 hours after EST. The study protocol was approved by Bursa Yüksek İhtisas Training and Research Hospital ethical committee. Informed consent was obtained from all patients prior to enrollment in the study protocol.
Exercise Stress Testing
EST was performed in accordance with relevant guidelines on a treadmill. Beta blockers were witheld for at least 2 days, and digoxin was witheld for at least 2 weeks prior to EST. Electrocardiography, heart rate and blood pressure parameters and maximal exercise capacity in METs were recorder. At least 1-mm horizontal or downsloping ST-depression 60-80 msecs 970
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Echocardiography
Echocardiography was performed on a 3.5 Mhz probe with a Vivid 7 Pro machine (General Electric, USA) in left lateral decubitus position. Parasternal short axis, long axis, apical 2 chamber, 3 chamber and 4 chamber views were acquired. Left ventricle diastolic functions were assessed with the use of mitral inflow patterns with pulsed-wave Doppler and tissue doppler imaging of basal septal and lateral walls of the left ventricle.
BNP Analysis
At least 5 cc of blood was drawn by phlebotomy into EDTA-tubes just before starting EST, within 10 minutes following completion of the EST and 4 hours after EST. Biosite Triage BNP test system (San Diego, California, Biosite incorporated) was utilized for determination of BNP levels. BNP levels are analyised and measured by immunoassay method and ersults are read by Triage MeterPlus (Biosite Co, San Diego, CA) in this system. Brain natriuretic peptide levels analyised by this method are affected by hypertension, diabetes, renal failure and chronic obstructive pulmonary disease [7] . Results are reported in picogram/milliliter (pg/mL). The minimum level of BNP that could be detected by this assay is 5 pg/mL.
Statistical Analysis
Statistical analysis was performed on statistical software SPSS version 17. Differences between groups with regard to continuous variables were examined by Mann-Whitney U test, differences with regard to categorical variables were examined by Pearson chi-square test and temporal changes in BNP levels were examined with the use of Wilcoxon signed-rank test. Findings were summarized as (percentage, mean, standard deviation). Threshold for statistical significance of the p value was accepted as ≤ 0.05.
RESULTS
Fifty-one patients who admitted to our cardiovascular diseases outpatient clinic, underwent EST for suspected CAD and consequently underwent coronary angiography were prospectively enrolled in this study. Patients with and without at least one significant diameter stenosis in major epicardial arteries (CA+ and CA-) versus patients with and without evidence of myocardial ischemia during Table 1 . When basal demographic characteristics of the study groups are compared, tobacco use was significantly more frequent in group 1 and group 2 compared to the remaining groups. Significant differences between groups with respect to DM, hypercholesterolemia were detected. Family history for cardiovascular disease was significantly more frequent in group 1 and 2 compared to the remaining groups, likewise. EST findings of the patients are demonstrated in Table 2 . No major complications such as ventricular arrhythmias or ST segment elevation were observed. There was no statistically significant difference between groups with regard to maximal achieved MET, resting heart rate, maximal heart rate and heart rate recovery at 1 st minute of recovery.
Transthoracic echocardiography findings including left ventricle ejection fraction, end-diastolic and end-systolic diameters, E and A wave amplitudes of transmitral diastolic inflow waves, E/A ratios, left atrium anteroposterior diameter, and end-diastolic septal wall thickness didn't differ between groups. Posterior wall thickness was significantly higher in Group 1 compared to the remaining groups (Table 3) . Coronary angiography revealed mainly 3-vessel disease in major epicardial coronary arteries in group 1 and group 2. Table 4 summarizes the severity of CAD in study groups. While left anterior descending coronary artery (LAD) lesions were apparently more dominant in group 1, left circumflex coronary artery (LCX) lesions in addition to LAD lesions were more severe compared to right coronary artery (RCA) lesions in group 2.
BNP levels before (BNP1), after (BNP2) and 4 hours after EST (BNP3) are summarized in Table 5 . All values demonstrated significantly different values in group 1 and group 2 compared to group 3 and group 4. However, there were no significant differences when group 1 and group 2 and similarly group 3 and group 4 were compared with each other. Groups with
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DISCUSSION
There are 3 main findings of this study; (1) Preexercise BNP levels were significantly higher in patients with CAD compared to patients without significant CAD, (2) Exercise-induced increases in BNP levels are higher in patients with significant CAD, and (3) This difference between patients with and without CAD was independent of exercise induced ST segment depression and result of the EST.
EST retains its position as the first-line diagnostic test in non-invasive assessment of CAD. Onemillimeter of ST segment depression during EST predicts CAD with a sensitivity of 75% and a specifity of 66%, while 2-mm ST depression predicts CAD with a 52% sensitivity and 86% specifity. EST demonstrated an overall diagnostic performance with a 46% sensitivity and 40% specifity in our study.
Diagnostic performance of temporal changes in BNP levels with exercise (BNP-2/BNP-1) was relatively higher compared to EST alone, with a sensitivity of 94% and a specifity of 70%. Diagnostic accuracy of EST was worse in our study compared to previous studies but diagnostic performance of temporal changes in BNP levels from pre-exercise levels to 10-minute levels was better compared to previous studies. Previous studies demonstrated a 80% sensitivity and 55% specifity of this assessment with a BNP cut-off value of 8 pg/mL [8] . As a result, addition of BNP assessments to EST might improve clinical decision making processes by potentially decreasing expenses, need for advanced invasive and noninvasive tests and complications due to invasive tests.
Several tests and parameters were suggested previously as an adjunct to EST to improve diagnostic accuracy of this test. Gender, age, chest pain, high blood total cholesterole levels, ST-segment depression were all shown to improve diagnostic accuracy of EST. Other predictors that increase EST sensitivity and specifity are exercise capacity, exercise induced angina pectoris, double product value, maximum systolic blood pressure, diabetes mellitus, tobacco use, abnormal resting ECG, high blood pressure, family history of CAD [9] . Similarly, adjunctive use of noninvasive tests such as cardiac tomography or myocardial perfusion scintigraphy were shown to increase accuracy of EST in detecting CAD, albeit with increased costs [10] .
BNP is an important indicator of left ventricle dysfunction and myocardial ischemia. This biomarker increases in early phases following myocardial infarction [11] . Bassan et al. [12] previously showed that among patients presenting with ACS without persistent ST segment elevation, BNP levels were above 100 pg/mL in 70%, although only 50% of the study patients had elevated CK-MB or troponin I levels elevated at time of presentation. It was suggested in this study that BNP could be used in ruling out noncardiac cause of chest pain as well as in early diagnosis of myocardial ischemia [12] .
BNP predicts LV remodelling and mortality following percutaneous coronary interventions in patients with acute coronary syndromes [13] . It similarly predicts heart failure and death independently in long-term follow-up in this patient group [14] . N-terminal BNP (NT-proBNP) is superior to troponin T in predicting prognosis in ACS patients and could be successfully used as an early indicator of myocardial ischemia. Typical temporal changes in BNP levels include a peak level reached within 24 hours following myocardial infarction and a following plateu. In large MI's a second peak occurs at 5 th day 974
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Pre-exercise and peak exercise BNP levels were previously shown to be higher in patients with LAD and CX lesions compared with patients with RCA lesions independent of left ventricle end-diastolic pressures in patients presenting with unstable angina pectoris who had previous history of myocardial infarction [16] . Likewise, increases in BNP levels were higher in patients with LAD lesions compared to patients with CX and/or RCA lesions. This finding might be related with the size of myocardial territory supplied by the respective epicardial coronary artery.
Exercise-induced acute increases in BNP secretion is shown previously. Marumoto et al showed that increases in BNP levels with exercise as well as peak BNP values reached during maximal exercise were significantly higher in patients with exercise induced ischemia as shown by myocardial perfusion scintigraphy by Tl 201, compared to patients without inducible ischemia [17] . Brain natriuretic peptide was also shown to be an independent predictor of CAD in patients undergoing dobutamine stress echocardiography [18] . N-terminal pro-BNP was similarly found to have higher values and increase significantly more in patients with inducible ischemia by MPS compared to controls without ischemia. These values also correlated with severity of CAD in studies [18] . Another study yielded conflicting results with significantly increased pre-exercise, but not peak BNP values with CAD [16] .
Accumulating evidence lead to rise of BNP as a potential candidate in diagnosis and risk stratification of CAD, so that ischemia-induced BNP levels were suggested as a biomarker for ruling-out ischemia, irrespective of left ventricle systolic dysfunction [5] . We excluded patients with left ventricular systolic and diastolic dysfunction. The fact that we observed consistent association between BNP levels as well as increases in BNP levels supports that BNP is an excellent biomarker for diagnosing and assessing the severity of CAD.
CONCLUSION
Pre-exercise and peak exercise values as well as increases in BNP levels are associated with presence and severity of CAD among patients undergoing EST independent of left ventricular systolic dysfunction. Our findings suggest that BNP should be used more actively in management of CAD in addition to its wellestablished role in diagnosis and management of heart failure.
